The Spallation Neutron Source front end incorporates a beam chopper in the LEBT that will remove a 295 ns section of beam at a 1.118 MHz rate (65% transmission) with less than 50 ns rise/falltime. The H-beam pulse length is One at a 60-Hz rate (6% duty factor)' The LEBT is all-electrostatic, and the chopper incorporates four 3-kV solid-state switches driving an einzel lens, split into quadrants, with a 4-phase chopping waveform. The suppressed beam is targeted on a four-segment Faraday cup which pro-
shows an early version of the split einzel electrode.
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vides on-line intensity and steering diagnostics. Results of proton beam tests will be reported.
BEAM REQUIREMENTS
The Spallation Neutron Source (SNS) comprises a I-GeV H-linac injecting a storage ring with a 1 ms injection time and single-turn extraction, operating at 60 Hz [l] . During the 1 ms injection into the ring, approximately 1200 turns are accumulated. To reduce the activation of the extraction Lambertson septum magnet, a 295 ns notch is introduced in the injected beam by two sets of choppers, operating at the ring revolution frequency of 1.188 MHz. 
IMPLEMENTATION

ELECTRONICS
The [3] . The DEI design provides rise and fall times of less than 60 ns and a duty cycle of up to 12% at 60 Hz for up to a 2 ms burst. The switch design is protected against load faults (sparking) and mistimed or incorrect gating of the positive and negative gate inputs.
The major internal power dissipation of the solid-state switches occurs at the voltage transitions. The average power dissipation is less than 450 watts per switch at a 12% duty cycle. Figure 3 shows the control logic used during the test phase. Figure 4 shows a detail of the actual equipment:
two of the four DEI bipolar solid-state switches, topped by a four-phase waveform generator. 
PROOF OF PRINCIPLE
A proof-of-principle test has been conducted on a 40 keV proton injector that includes all the elements in the SNS sourceLEBT design: an r.f.-driven multicusp ion source and a two-einzel lens all-electrostatic LEBT. The LEBT is followed by an aperture plate and a fast 50-ohm Faraday cup. (lower traces) at 500 nddiv. The peak deflection voltage is i2 kV and the pulse period is 0.75 microseconds. In Figure 6 , the time scale is expanded to 50 nddivision and the chopping voltage increased to i2.5 kV, showing the risetime (center) is less than 50 ns, and the beam rise and falltime also less than 50 ns. The transit time of the beam through the last einzel electrode is 12 ns, which sets a lower limit of the chopping transition time.
Note in Figure 5 that the chopped beam time structure exhibits no subharmonic of the chopping frequency, even though the beam is sequentially chopped in four directions. For a lower chopping voltage where the beam is only partially chopped, the subharmonic amplitude of the partially chopped current is a sensitive indication of beam missteering on the chopping aperture. radius is equal to the envelope radius of the beam passing through it. With this aperture radius, 85% of the deflected beam will be lost on the diagnostic plate, and the remaining 15% of beam will be deflected between the RFQ vanes and will not be accepted for acceleration by the RFQ. The fully operational version of the ion source, LEBT and chopper are currently being manufactured and will be tested hy the end of Summer 1999.
SNS CHOPPER CONFIGURATION
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